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1
POWER SUPPLY CONTROL SYSTEM AND
SEMICONDUCTOR INTEGRATED CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 USC 119 from
Japanese Patent Application No. 2011-170359, filed on Aug.
3, 2011, the disclosure of which is incorporated by reference
herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a power supply control
system and to a semiconductor integrated circuit. For
example, the present invention relates to a power supply
control system and a semiconductor integrated circuit con-
figured to enable power supply from a primary battery and a
solar battery.

2. Description of the Related Art

Rapid development is recently occurring in technology for
efficiently employing electricity obtained by converting natu-
ral energy into electrical energy employed as a drive source in
electrical devices, in order to prevent deterioration of the
planet’s environment due to phenomena such as global warm-
ing. For example, use of solar batteries that converts sunlight
directly into electrical energy is attracting attention. In some
cases, solar batteries are connected to electrical devices and
used on their own, and in some cases they are employed in
combination with an existing battery (for example, a lithium
primary battery).

A remote controller is disclosed in Japanese Patent Appli-
cation Laid-Open (JP-A) No. 2011-61468. This remote con-
troller employs a diode OR circuit to switch between a power
supply circuit with a solar battery as the supply source, and a
power supply circuit with another battery (a lithium primary
battery) as the supply source, supplying power to a load by a
combination of the solar battery and the other battery. A solar
power generating system connected to a solar battery and
another battery (a rechargeable battery) is disclosed In JP-A
No. 9-261861. The solar power generating system reduces
power loss due to voltage drop by making a forward direction
current, flowing from the power source side towards the load,
flow through a switching section with a smaller power loss
than a reverse current prevention diode, when the voltage
difference between the two ends of the reverse current pre-
vention diode exceeds a specified value.

In the circuit illustrated in FIG. 9 of JP-A 2011-61468, a
diode OR circuit configured by a pair of diodes is provided to
prevent current from flowing into the solar battery and the
lithium primary battery, respectively. In this circuit, when
power is supplied from the solar battery or the lithium pri-
mary battery to the load which is a microcomputer, the power
passes through one or the other of the diodes in the diode OR
circuit. However, a voltage drop of at least the order of 0.7V
is incurred due to the electrical resistance of ordinary diodes,
and a loss in the power supply to the load occurs. Such power
loss is particularly evident in low power systems driven by a
low voltage power sources.

The JP-A No. 9-261861 discloses a reverse current preven-
tion device that prevents a reverse current from flowing from
the rechargeable battery to the solar battery. Therefore, in a
case in which a primary battery is connected to the reverse
current prevention device disclosed in JP-A No. 9-261861,
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2

damage to the primary battery from a reverse current flowing
into the primary battery may not be prevented.

SUMMARY OF THE INVENTION

The present invention provides a power supply control
system and a semiconductor integrated circuit that may
reduce loss in the power supply to a load, and may prevent
reverse flow of current from a connected solar battery to a
primary battery.

A first aspect of the present invention is a power supply
control system including: a first switching section including
one end connected to a battery and the other end connected to
a load; and a second switching section including one end
connected to a solar battery and the other end connected to the
load, wherein the first switching section compares a first
voltage that is the battery output voltage dropped by a first
voltage level, and a second voltage that is a voltage at the
connection point to the load dropped by a second voltage
level, disconnects the battery and the load when the second
voltage is equal to or greater than the first voltage, and con-
nects the battery and the load when the second voltage is
smaller than the first voltage, and wherein the second switch-
ing section compares a third voltage that is the solar battery
output voltage dropped by a third voltage level, which is
lower than the first voltage level, and the second voltage,
disconnects the solar battery and the load when the second
voltage is equal to or greater the third voltage, and connects
the solar battery and the load when the second voltage is
smaller than the third voltage.

A second aspect of the present invention is a semiconduc-
tor integrated circuit including: a first terminal for connection
to a battery; a second terminal for connection to a solar
battery; a third terminal that becomes a connection point of a
load and the battery and a connection portion of the load and
the solar battery; a first switching circuit including one end
connected to the first terminal and another end connected to
the third terminal, wherein the first switching circuit com-
pares a first voltage that is a voltage of the first terminal, which
is the battery output voltage, dropped by a first voltage level,
and a second voltage that is a voltage of the third terminal
voltage dropped by a second voltage level, disconnects the
battery and the load when the second voltage is equal to or
greater than the first voltage, and connects the battery and the
load when the second voltage is smaller than the first voltage;
and a second switching circuit including one end connected to
the second terminal and another end connected to the third
terminal, wherein the second switching circuit compares a
third voltage that is voltage of the second terminal, which is
the solar battery output voltage, dropped by a third voltage
level, which is lower than the first voltage level, and the
second voltage, disconnects the solar battery and the load
when the second voltage is equal to or greater than the third
voltage, and connects the solar battery and the load when the
second voltage is smaller than the third voltage.

According to the above aspects, the present invention may
reduce the loss in the power supply and may prevent reverse
flow of current from a solar battery to a primary battery.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will be
described in detail based on the following figures, wherein:

FIG. 1 is a block diagram illustrating a configuration of a
power supply control system according to an exemplary
embodiment of the present invention;
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FIG. 2 is a circuit diagram illustrating details of a configu-
ration of a first switching circuit;

FIG. 3 is a circuit diagram illustrating details of a configu-
ration of a second switching circuit;

FIG. 4 is a diagram illustrating an equivalent circuit dia-
gram of a solar battery; and

FIG. 5A to FIG. 5C are diagrams illustrating modification
examples of a first switching circuit and second switching
circuit in a power supply control system according to an
exemplary embodiment.

DETAILED DESCRIPTION OF THE INVENTION

Explanation follows regarding exemplary embodiments of
the present invention, with reference to the drawings. FIG. 1
is a block diagram illustrating a configuration of a power
supply control system according to an exemplary embodi-
ment of the present invention. A power supply control system
1 illustrated in FIG. 1 includes a switching section 5, a pri-
mary battery 10 and a solar battery 13. The switching section
5 includes two switching circuits, namely a first direct switch-
ing circuit (referred to below simply as first switching circuit,
or SW1) 15 and a second direct switching circuit (referred to
below as second switching circuit or SW2) 17. The primary
battery 10 is connected to a terminal 7 provided to the switch-
ing section 5 and is, for example, configured by a lithium
battery. The solar battery 13 is connected to a terminal 9 of the
switching section 5. A load 19 is connected to a terminal 11 of
the switching section 5. The load 19 is a small electronic
device (for example a calculator or a clock) that is fed power
and operates with small power consumption. Power from the
primary battery 10 and the solar battery 13 is fed as required
through the switching section 5 to the load 19.

In the power supply control system 1 as illustrated in FIG.
1, the switching section 5 has respective circuit configura-
tions, for the first switching circuit 15 and the second switch-
ing circuit 17. The switching section 5 is a semiconductor
integrated circuit (semiconductor chip) provided with the
externally connectable terminals 7, 9, 11 that are connectable
to devices, such as batteries.

The first switching circuit 15 is disposed on the path con-
necting the terminal 7 to which the primary battery 10 is
connected, and the terminal 11 to which the load 19 is con-
nected. The first switching circuit 15 controls the current
supply from the primary battery 10 to the load 19 so as to be
ON/OFF. The second switching circuit 17 is disposed on the
path connecting the terminal 9 to which the solar battery 13 is
connected, and the terminal 11 to which the load 19 is con-
nected. The second switching circuit 17 controls the current
supply from the solar battery 13 to the load 19 so as to be
ON/OFF. The solar battery 13 is a solar panel, receiving
illumination of light such as sunlight, and outputting power at
a specific voltage according to the intensity of illuminated
light.

FIG. 2 is a circuit diagram illustrating details of the con-
figuration of the first switching circuit 15 of FIG. 1. FIG. 3 is
a circuit diagram illustrating details of the configuration of
the second switching circuit 17. Note that, similar configura-
tion elements in FIG. 2 and FIG. 3 are allocated the same
reference numerals. As explained above, in the first switching
circuit 15, the primary battery 10 is connected to the terminal
7 and the load 19 is connected to the terminal 11. In the second
switching circuit 17, the solar battery 13 is connected to the
terminal 9 and the load 19 is connected to the terminal 11. As
illustrated in FIG. 2, a voltage detection circuit is disposed
between the terminal 7 of the first switching circuit 15 and a
ground terminal (GND terminal). The voltage detection cir-
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cuit is configured by a resistor R1, a P-channel MOS transis-
tor MP1 in which the gate electrode and drain electrode are
shorted (diode connected), and a current supply source 21,
connected in series. Further, between the terminal 11 and a
ground terminal (GND terminal) another voltage detection
circuit is also disposed. This voltage detection circuit is con-
figured by a resistor R2, a P-channel MOS transistor MP2 in
which the gate electrode and drain electrode are shorted (di-
ode connected), and a current supply source 23, connected in
series.

As illustrated in FIG. 3, a voltage detection circuit is dis-
posed between the terminal 9 of the second switching circuit
17 and a ground terminal (GND terminal). The voltage detec-
tion circuit is configured by a resistor R1', a P-channel MOS
transistor MP1 in which the gate electrode and drain electrode
are shorted (diode connected), and a current supply source 21,
connected in series. Further, between the terminal 11 and the
ground terminal (GND terminal), another voltage detection
circuit is also disposed. This voltage detection circuit is con-
figured by a resistor R2', a P-channel MOS transistor MP2 in
which the gate electrode and drain electrode are shorted (di-
ode connected), and a current supply source 23, connected in
series.

The connection points of the P-channel MOS transistor
MP1 and the current supply source 21 in the first switching
circuit 15 and the second switching circuit 17 are connected to
the non-inverting input terminal (+) of respective compara-
tors 25. The connection points of the P-channel MOS tran-
sistor MP2 and the current supply source 23 are connected to
the inverting input terminals (-) of the respective comparators
25. Further, a P-channel MOS transistor MP3 is disposed
between the terminal 7 and the terminal 11 of the first switch-
ing circuit 15. Similarly, a P-channel MOS transistor MP3 is
disposed between the terminal 9 and the terminal 11 of the
second switching circuit 17.

In the first switching circuit 15 and the second switching
circuit 17, circuits each configured by a resistor R3 and an
N-channel MOS transistor MN1 connected in series are con-
nected between the drain electrode of the transistor MP3 and
a ground terminal, respectively. One end of the resistor R3 is
connected to the drain electrode of the MP3, and the other end
of the resistor R3 is connected to the drain electrode of the
N-channel MOS transistor MN1. The source electrode of the
transistor MN1 is connected to ground, and the output termi-
nal of the comparator 25 is connected to the gate electrode of
the transistor MN1. A connection point between the resistor
R3 and the drain electrode of the N-channel MOS transistor
MN1 is connected to the gate electrode of the P-channel MOS
transistor MP3. Thus, in the first switching circuit 15, the
source electrode of the P-channel MOS transistor MP3 is
connected to the terminal 7. Further, in the second switching
circuit 17, the source electrode of the MP3 is connected to the
terminal 9. Furthermore, in both the first switching circuit 15
and the second switching circuit 17, the drain electrode of the
MP3 is connected to the terminal 11.

Note that, the output of the comparator 25 may be directly
input to the gate electrode of the P-channel MOS transistor
MP3. However due to the transistor MP3 being a PMOS
transistor, the MP3 would be electrically OFF when the gate
electrode of the MP3 is at the logical “H” level. However,
when the operation power source of the comparator 25 is
supplied by the primary battery 10 or the solar battery 13 and
when power supply stops, the gate electrode of the transistor
MP3 would be logical “L”. Consequently, in a configuration
in which the output of the comparator 25 is directly input to
the gate electrode of the transistor MP3, the transistor MP3
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would not be switched OFF, in the state in which no power is
supplied to the comparator 25, and a reverse current may flow
through the MP3.

However, in the first switching circuit 15 and the second
switching circuit 17 of the power supply control system of the
present exemplary embodiment, as illustrated in FIG. 2 and
FIG. 3, circuits each configured by the resistor R3 and the
N-channel MOS transistor MN1 connected in series are con-
nected between the drain electrode of the MOS transistor
MP3 and a ground terminal, respectively. According to the
above configuration, in the present exemplary embodiment,
when power supply to the comparator 25 stops, and when the
gate electrode of the MOS transistor MN1 becomes logical
“L”, the gate electrode of the transistor MP3 is pulled up to
logical “H” level by the resistor R3. Accordingly, in the
present exemplary embodiment, the MP3 in the first switch-
ing circuit 15 and in the second switching circuit 17 may be
switched OFF.

Explanation follows regarding operation of the switching
section 5 (the first switching circuit 15 and the second switch-
ing circuit 17) in the power supply control system according
to the present exemplary embodiment. In the first switching
circuit 15 illustrated in FIG. 2, the resistors R1 and R2 have
the relationship of R1>R2. The transistors MP1 and MP2 are
P-channel MOS transistors of the same size. Consequently,
current [1 flowing in the current supply source 21 and current
12 flowing in the current supply source 23 are set to be equiva-
lent. In the first switching circuit 15, when the output voltage
of the primary battery 10 connected to the terminal 7 is
denoted as V1, and the current flowing from the primary
battery 10 to the R1, the MP1 and the current supply source 21
is denoted as I1, the voltage input to the non-inverting input
terminal of the comparator 25 becomes the voltage drop
across the R1 and the MP1 (the voltage drop across the MP1
is denoted V, ), namely, R1-114+V, ,; subtracted from V1.
Further, when the supply voltage to the load 19 (voltage at
terminal 11) is denoted as VDD and the current flowing from
the terminal 11 to the R2, the MP2 and the current supply
source 23 is denoted as 12, the voltage input to the inverting
input terminal of the comparator 25 becomes the voltage drop
across the R2 and the MP2 (the voltage drop across the MP2
is denoted V,,.,), namely, R2:12+V,,, subtracted from
VDD.

As stated above, the MP1 and the MP2 are transistors of the
same size, and the current I1 and the current 12 are equivalent.
The voltage drops across the MP1 and the MP2 are therefore
also equivalent (V,,=V,»,). However since R1>R2, the
input voltage input to the inverting input terminal of the
comparator 25 is greater than the input voltage input to the
non-inverting input terminal of the comparator 25 by the
difference in resistance values between the R1 and the R2.
Therefore, the point at which output of the comparator 25
inverts is when V1-R1-11=VDD-R2-12. Since 11=I2, I1 and
12 may be denoted as I, the V1-R1-I=VDD-R2-I becomes the
output inversion condition of the comparator 25. Therefore
when V1-R1-1=VDD-R2-], namely when V1=VDD+(R1-
R2)-1, the comparator 25 outputs a voltage of “H” level. On
the other hand, when V1-R1-I<VDD-R2'1, namely when
V1<VDD+(R1-R2)-1, the comparator 25 outputs a voltage of
“L” level.

When the output voltage of the comparator 25 is “H” level,
the N-channel MOS transistor MN1 becomes a conducting
state (ON). However, since the source electrode of the tran-
sistor MN1 is connected to ground, and the gate electrode of
the P-channel MOS transistor MP3 becomes “L” level, and
the transistor MP3 becomes switched ON. As a result, the
terminal 7 and the terminal 11 are connected, and the output
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voltage V1 of the primary battery 10 is supplied as the VDD
to the load 19. On the other hand, when the output voltage of
the comparator 25 is “L.”” level, the N-channel MOS transistor
MN1 becomes a non-conducting state (OFF), and the gate
voltage of the P-channel MOS transistor MP3 is pulled up by
the R3 to the VDD, switching the MP3 OFF.

The second switching circuit 17 illustrated in FIG. 3 oper-
ates similarly to the operation of the first switching circuit 15
described above. In the second switching circuit 17, when the
output voltage of the solar battery 13 is denoted as VSP, the
output inversion condition of the comparator 25 becomes
VSP-R1"I=VDD-R2'. Therefore, the output voltage of the
comparator 25 becomes “H” level when VSP-R1"1=VDD-
R2"I (namely when VSP=VDD+(R1'-R2')-]). On the other
hand, the output voltage of the comparator 25 becomes “L.”
level when VSP-R1"I<VDD-R2'"I (namely when
VSP<VDD+(R1'-R2')D).

Therefore, in the switching section 5 of FIG. 1, the first
switching circuit 15 is switched ON when V1 is VDD+(R1-
R2)T or greater, and current is supplied to the load 19 by the
primary battery 10. However, the first switching circuit 15 is
switched OFF when V1 is less than VDD+(R1-R2)-1. As a
result, reverse current may be prevented from flowing into the
primary battery 10 from the load 19. Likewise in the second
switching circuit 17, the second switching circuit 17 is
switched ON when the VSP is VDD+(R1'-R2")-1 or greater,
and current from the solar battery 13 is supplied to the load 19.
However, the second switching circuit 17 is switched OFF
when the VSP is less than VDD+(R1'-R2")-1. As a result,
reverse current may be prevented flowing to the solar battery
13 from the load 19. Thus, the load 19 is input with an output
of the higher voltage from the output voltage V1 of the pri-
mary battery 10 dropped by (R1-R2)I or the output voltage
VSP of the solar battery 13 dropped by (R1'-R2")-1.

While not illustrated in FIG. 2 and FIG. 3, the comparator
25 of the first switching circuit 15 is driven by the power
supply from the primary battery 10, and the comparator 25 of
the second switching circuit 17 is driven by the power supply
from the solar battery 13. Accordingly, in a case in which the
input signal level input to the comparator 25 is at a level close
to the saturation range of the comparator 25, the operation
characteristics of voltage comparison may be affected. There-
fore, in the switching circuits (the first switching circuit 15
and the second switching circuit 17) of the power supply
control system according to the present exemplary embodi-
ment, the voltage of the primary battery 10 is input to the
non-inverting input terminal of the comparator 25 after the
voltage level has been adjusted by dropping the voltage of the
solar battery 13 using the resistor R1'. Furthermore, in the
switching circuits of the power supply control system accord-
ing to the present exemplary embodiment, the supply voltage
to the load is also dropped by the resistors R2, R2', and the
dropped voltage is then input to the inverting input terminal of
the comparator 25. With respect to the resistors R1, R2, R1',
R2', for example, resistor having high resistance value of
several tens kQ is employed in order to efficiently supply the
output currents from the primary battery 10 and the solar
battery 13 to the load 19, without loss.

Note that, there is a possibility that the output voltage VSP
of'the solar battery 13 falls to OV, in a case in which the entire
solar battery 13 is not able to exhibit its power generating
function, due to blocked light, for example. In such case, the
comparator 25 of FIG. 3 with the solar battery 13 as a drive
power supply no longer operates. However, the output voltage
of the comparator 25 also becomes 0V, and the N-channel
MOS transistor MN1 becomes OFF. Accordingly, in such
case, the gate electrode of the P-channel MOS transistor MP3
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is also pulled up to logical “H” level by the resistor R3, the
transistor MP3 becomes OFF, and the reverse current may
also be prevented from flowing into the solar battery 13 from
the load 19.

As described above, in the first switching circuit 15 as
illustrated in FIG. 2, reverse current from the load 19 to the
primary battery 10 may be prevented by switching the
P-channel MOS transistor MP3 OFF, when the output voltage
V1 of the primary battery 10 becomes smaller than the volt-
age of (R1-R2)-1+VDD. In the first switching circuit 15, by
making R1>R2, the dropped voltage level from the primary
battery 10 through the R1 is made to be greater than the
dropped voltage level from the power supply voltage VDD
from the load side through the R2, so as to consider the
operating speed (response speed) of the comparator 25.
Accordingly, the first switching circuit 15 may start operation
to switch the MP3 from ON to OFF before the voltage to the
load 19 and the output voltage of the primary battery 10
becomes equivalent. As a result, the first switching circuit 15
may reliably prevent reverse flow of current to the primary
battery 10 from the load 19, and may prevent damage to the
primary battery 10.

Similarly, in the second switching circuit 17 of FIG. 3, by
making R1">R2', the dropped voltage level of the solar battery
13 across the R1' is made greater than the dropped voltage
level of the power supply voltage VDD to the load across the
R2'. Accordingly, the second switching circuit 17 may start
operation to switch the MP3 OFF before the voltage on the
load 19 and the output voltage of the solar battery 13 becomes
equivalent, and may prevent input of current to the solar
battery 13 from the load 19 side.

The first switching circuit 15 and the second switching
circuit 17 ofthe power supply control system according to the
present exemplary embodiment operate in substantially the
same way, however, differ in the operation timing for switch-
ing the MP3 from ON to OFF. Explanation follows regarding
the above point of difference. The solar battery 13 may, for
example, be represented, as an equivalent circuit with a resis-
tor R32 and a diode D1 connected in parallel, and a resistor
R31 connected in series thereto, as illustrated in FIG. 4.
Accordingly, even when reverse current flow from the load to
the solar battery 13, there is a lower risk of damage occurring
in the solar battery. Accordingly, battery damage may not
occur even when the timing to switch the MP3 of the second
switching circuit 17 OFF is delayed from timing of switching
the MP3 of the first switching circuit 15 from ON to OFF.

Accordingly, in the power supply control system of to the
present exemplary embodiment, the difference in the dropped
voltage levels due to the resistors R1', R2' in the second
switching circuit 17, is set to be smaller than the difference in
dropped voltage levels due to the resistors R1, R2 in the first
switching circuit 15. Due to the above configuration, when
the difference (R1-R2)-1 between the output voltage V1 of the
primary battery 10 and the load 19 power supply voltage
VDD is denoted as drop voltage Vdl1, and the difference
(R1'-R2')-I between the output voltage VSP of the solar bat-
tery 13 and the load 19 power supply voltage VDD is denoted
as drop voltage Vd2, then Vd1 is greater than Vd2. Hence,
when the first switching circuit 15 and the second switching
circuit 17 are both ON, becomes V1-Vd1=VSP-Vd2, which
may be rewritten as V1=V SP+(Vd1-Vd2). Since Vd1>Vd2,
becomes Vd1-Vd2>0, and therefore V1>V SP when the first
switching circuit 15 and the second switching circuit 17 are
both ON.

Accordingly, by making the drop voltage Vd1 (the first
switching circuit 15) greater than the drop voltage Vd2 (the
second switching circuit 17), current does not flow from the
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solar battery 13 to the primary battery 10, even when the first
switching circuit 15 and the second switching circuit 17 are
both ON. Hence, according to the above configuration, dam-
age to the primary battery 10 may be prevented. Further, by
making Vd1 greater than Vd2, the operation timing to switch
OFF the MP3 in the second switching circuit 17 is delayed,
relative to the operation to switch OFF the MP3 in the first
switching circuit 15. Accordingly, power supply to the load
19 from the solar battery 13 may be continued for a long
duration. As a result, the present exemplary embodiment may
secure sufficient current supply from the solar battery 13 to
the load 19, and may prevent damage to the primary battery.

As explained above, according to the present exemplary
embodiment, the switching circuits, that prevents reverse
flow of current from the load to the primary battery and from
the load to the solar battery, are provided between the primary
battery and a load that receives power supply from the pri-
mary battery, and between a solar battery and a load that
receives power supply from the solar battery. Accordingly, the
present exemplary embodiment may greatly reduce the volt-
age loss during power supply to the load, when compared to
a conventional reverse flow prevention circuit employing a
diode.

In the present exemplary embodiment, in the first switch-
ing circuit provided between the primary battery and the load,
a comparison is made between a first voltage of the output
voltage of the primary battery dropped by a first voltage level
and a second voltage of the load side voltage dropped by a
second voltage level. Further, in the present exemplary
embodiment, configuration is made such that electrical con-
nection between the primary battery and the load is discon-
nected, when the second voltage is higher than the first volt-
age. Accordingly, the present exemplary embodiment may
switch OFF the first switching circuit before the voltage to the
load exceeds the output voltage of the primary battery, and
therefore may prevent malfunction and damage of the pri-
mary battery due to reverse current flow.

Furthermore, in the present exemplary embodiment, in the
second switching circuit provided between the solar battery
and the load, and a comparison is made of a third voltage that
is lower than the first voltage level and is the solar battery
output voltage dropped by a third voltage level and the second
voltage of the load side voltage dropped by the second voltage
level. Further, in the present exemplary embodiment, con-
figuration is made such that the electrical connection of the
solar battery and the load is disconnected, when the second
voltage is higher than the third voltage. Accordingly, the
present exemplary embodiment may delay the timing at
which the second switching circuit is switched OFF by the
second voltage rising until after the first switching circuit is
switched OFF, and may supply power from the solar battery
to the load for a longer duration.

Note that the power supply control system according to the
present invention is not limited to the above exemplary
embodiment and various modifications may be possible. For
example, in the voltage detection circuit connected between
the terminal 7 of the first switching circuit 15 and a ground
terminal, and the voltage detection circuit connected between
the terminal 9 of'the second switching circuit 17 and a ground
terminal, the P-channel MOS transistor MP1 (that has its gate
electrode and drain electrode shorted, namely, diode con-
nected) may be substituted by an N-channel MOS transistor
MN2 which is diode connected and its base terminal
grounded, as illustrated in FIG. 5A. Accordingly, it is possible
to substitute N-channel MOS transistors for the P-channel
MOS transistors configuring the voltage detection circuits. A
similar modification is also possible to the voltage detection
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circuit connected between the terminal 11 and the ground
terminal in the first switching circuit 15 and the second
switching circuit 17.

Further, the resistor R1 configuring the voltage detection
circuit of the first switching circuit 15, and the resistor R1'
configuring the voltage detection circuit of the second switch-
ing circuit 17 may be variable resistors, as illustrated in FIG.
5B. In such case, the detection voltage may be adjusted to
match the saturation region level of the comparator 25. Fur-
thermore, the respective P-channel MOS transistors MP1
configuring the voltage detection circuit of the first switching
circuit 15 and the voltage detection circuit of the second
switching circuit 17 may be substitute by a diode DI1, as
illustrated in FIG. 5C. A similar modification may also be
made to the voltage detection circuit connected between the
terminal 11 and the ground terminal of the first switching
circuit 15 and second switching circuit 17.

As another modification example, configuration may be
made with the transistor MP1 removed in the voltage detec-
tion circuit of the first switching circuit 15 and in the voltage
detection circuit of the second switching circuit 17. In this
configuration, the voltage drop of the threshold value voltage
Vt of the P-channel MOS transistor does not occur in the
voltage detection circuits, and therefore the MP3 may be
switched ON at a lower voltage, when compared to a case
which the transistor MP1 is provided. Accordingly, in this
modification example, the minimum operation voltage may
be lowered. However, in this modification example, the maxi-
mum voltage of the input voltage range of the comparator 25
needs to be raised by the amount of the voltage drop of the
transistor MP1. A similar modification may also be possible
for the transistors MP2 in the first switching circuit 15 and the
second switching circuit 17.

As another configuration for reducing the minimum oper-
ating voltage, for example, the resistor R1 may be removed
from the voltage detection circuit to eliminate the voltage
drop due to the resistor R1, thereby enabling the transistor
MP3 to be switched ON at a lower voltage. In the above
configuration, reduction in size and larger voltage drop may
be achieved for the same current of the amount of the voltage
removed, and may enable the layout size to be reduced. How-
ever, in this modification example, since the voltage drop due
to the resistor R1 has been eliminated, the maximum voltage
taken by the input voltage range of the comparator 25 needs to
be raised by this amount. Similar modifications may be pos-
sible for the resistor R2 of the first switching circuit 15, and
the resistors R1', R2' of the second switching circuit 17.

Further, configuration may also be made such that the
transistor MP1 is removed from the voltage detection circuits,
and the power supply voltage VDD to the load is directly input
to the comparator 25. Namely, the resistance value of the
resistor R1 multiplied by the current value of the current
supply source 21 gives the potential difference between the
primary battery and the VDD (for the first switching circuit)
and the potential difference between the solar battery and the
VDD (for the second switching circuit). Therefore, the size
may be decreased in a configuration in which the transistor
MP1 and/or elements) on the VDD side (the resistor R2, the
transistor MP2 and/or the current supply source 23) are
removed or excluded, and the current consumption may be
reduced since there is only a single current source. A similar
configuration may be made for the transistors MP2 of the
voltage detection circuits.

In the first switching circuit 15 according to the exemplary
embodiment explained above (and similarly in the second
switching circuit 17), the same size P-channel MOS transis-
tors have been set for the transistors MP1 and MP2, such that
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the current 11 flowing in the current supply source 21 and the
current 12 flowing in the current supply source 23 are equiva-
lent. In the first switching circuit 15 (and similarly in the
second switching circuit 17) according to the exemplary
embodiment explained above, the resistor R1 has been set
greater than the resistor R2 to achieve a difference between
the dropped voltage level of the primary battery 10 and the
dropped voltage level of the supply voltage to the load. How-
ever, a configuration that realizes a difference in dropped
voltage level is not limited thereto. For example, it is possible
to provide a difference in voltage drop by making the resistors
R1 and R2 equivalent and making a difference between the
currents I1 and 12. More specifically, by making the current
value of the primary battery 10 twice the current value on the
load side, the voltage drop on the primary battery may be
made twice that on the load with the resistors R1 and R2
equivalent. In such case, since a difference in voltage drops
between the transistors MP1 and MP2 occur, the current
capability of the transistor MP1 needs to be made twice the
current capability of the MP2.

The above exemplary embodiments, a case in which the
present invention is applied for controlling the power supply
of'a primary battery and a solar battery, has been described.
However, the source of power supplies to be controlled is not
limited thereto. The present invention may be applied, for
example, to a rechargeable battery such as a nickel cadmium
battery, a nickel hydrogen battery or a lithium ion battery, or
a regulator output as typified by a 3 terminal regulator. Fur-
thermore, in the above exemplary embodiment, a case in
which the number of power supply sources to be controlled in
the power supply control system is two sources, the primary
battery and the solar battery, has been described. However,
the present invention may be applied to 3 or more power
sources by further adding the direct switching circuit(s).

What is claimed is:

1. A power supply control system comprising:

a first switching section including one end connected to a

battery and another end connected to a load; and

a second switching section including one end connected to

a solar battery and another end connected to the load,

wherein the first switching section is configured to com-

pare a first voltage that is a battery output voltage
dropped by a first voltage level, and a second voltage that
is a voltage at a connection point to the load dropped by

a second voltage level, disconnect the battery and the

load when the second voltage is equal to or greater than

the first voltage, and connect the battery and the load
when the second voltage is smaller than the first voltage,
and

wherein the second switching section is configured to com-

pare a third voltage that is a solar battery output voltage
dropped by a third voltage level, which is lower than the
first voltage level, and the second voltage, disconnect the
solar battery and the load when the second voltage is
equal to or greater the third voltage, and connect the
solar battery and the load when the second voltage is
smaller than the third voltage.

2. The power supply control system of claim 1, wherein,

the first switching section comprises:

a first circuit in which a first resistor, a first transistor
which is diode connected, and a first current source
are connected in series between a connection point to
the battery and a ground terminal, wherein a voltage at
a connection point of the first current source and the
first transistor is the first voltage;

a second circuit in which a second resistor, a second
transistor which is diode connected, and a second
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current source are connected in series between a con-
nection point to the load and the ground terminal,
wherein a voltage at a connection point of the second
current source and the second transistor is the second
voltage;

afirst voltage comparator section configured to compare
the first voltage and the second voltage; and

a third transistor that configured to connect or discon-
nect the battery and the load, according to a compari-
son result output by the first voltage comparator sec-
tion, and

the second switching section comprises:

a third circuit in which a third resistor, a fourth transistor
which is diode connected, and a third current source
are connected in series between a connection point to
the solar battery and the ground terminal, wherein a
voltage at a connection point of the third current
source and the fourth transistor is the third voltage;

a fourth circuit in which a fourth resistor, a fifth transis-
tor which is diode connected, and a fourth current
source are connected in series between a connection
point to the load and the ground terminal, wherein a
voltage at a connection point of the fourth current
source and the fifth transistor is the second voltage;

a second voltage comparator section configured to com-
pare the third voltage and the second voltage; and

a sixth transistor configured to connect or disconnect the
solar battery and the load, according to a comparison
result output by the second voltage comparator sec-
tion, and

wherein the first voltage level is determined by a resistance
value of the first resistor, the second voltage level is
determined by aresistance value of the second resistor or
the fourth resistor, the third voltage level is determined
by a resistance value of the third resistor, the resistance
value of the first resistor is higher than the resistance
value of the second resistor, and the resistance value of
the third resistor is higher than the resistance value of the
fourth resistor.

3. The power supply control system of claim 2, wherein a
potential difference between the solar battery output voltage
and a voltage at the connection point to the load, determined
by the third resistor and the fourth resistor of the second
switching section, is set to be smaller than a potential differ-
ence between the battery output voltage and the voltage at the
connection point to the load, determined by the first resistor
and the second resistor of the first switching section.

4. A semiconductor integrated circuit comprising:

a first terminal configured to be connected to a battery;

a second terminal configured to be connected to a solar

battery;

a third terminal configured to be connected to a connection
point of a load and the battery, and a connection portion
of'the load and the solar battery;

a first switching circuit including one end connected to the
first terminal and another end connected to the third
terminal, wherein the first switching circuit is config-
ured to compare a first voltage thatis a voltage at the first
terminal, which is a battery output voltage, dropped by a
first voltage level, and a second voltage that is a voltage
atthe third terminal voltage dropped by a second voltage
level, disconnect the battery and the load when the sec-
ond voltage is equal to or greater than the first voltage,
and connect the battery and the load when the second
voltage is smaller than the first voltage; and

a second switching circuit including one end connected to
the second terminal and another end connected to the
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third terminal, wherein the second switching circuit is

configured to compare a third voltage that is a voltage at

the second terminal, which is a solar battery output
voltage, dropped by a third voltage level, which is lower
than the first voltage level, and the second voltage, dis-
connect the solar battery and the load when the second
voltage is equal to or greater than the third voltage, and
connect the solar battery and the load when the second
voltage is smaller than the third voltage.

5. The semiconductor integrated circuit of claim 4,

wherein,

the first switching circuit comprises:

a first circuit in which a first resistor, a first transistor
which is diode connected, and a first current source
are connected in series between the first terminal and
a ground terminal, wherein a voltage at a connection
point of the first current source and the first transistor
is the first voltage;

a second circuit in which a second resistor, a second
transistor which is diode connected, and a second
current source are connected in series between the
third terminal and the ground terminal, wherein a
voltage at a connection point of the second current
source and the second transistor is the second voltage;

afirst voltage comparator section configured to compare
the first voltage and the second voltage; and

athird transistor configured to connect or disconnect the
battery and the load, according to a comparison result
output by the first voltage comparator section,

the second switching circuit comprises:

a third circuit in which a third resistor, a fourth transistor
which is diode connected, and a third current source
are connected in series between the second terminal
and the ground terminal, wherein a voltage at a con-
nection point of the third current source and the fourth
transistor is the third voltage;

a fourth circuit in which a fourth resistor, a fifth transis-
tor which is diode connected, and a fourth current
source are connected in series between the third ter-
minal and the ground terminal, wherein a voltage at a
connection point of the fourth current source and the
fifth transistor is the second voltage;

a second voltage comparator section configured to com-
pare the third voltage and the second voltage; and

a sixth transistor configured to connect or disconnect the
solar battery and the load, according to a comparison
result output by the second voltage comparator sec-
tion, and

wherein the first voltage level is determined by a resistance
value of the first resistor, the second voltage level is
determined by aresistance value of the second resistor or
the fourth resistor, the third voltage level is determined
by a resistance value of the third resistor, the resistance
value of the first resistor is higher than the resistance
value of the second resistor, and the resistance value of
the third resistor is higher than the resistance value ofthe
fourth resistor.
6. The semiconductor integrated circuit of claim 5, wherein
a potential difference between the voltage at the second ter-
minal and the voltage at the third terminal, determined by the
third resistor and the fourth resistor of the second switching
circuit, is set to be smaller than a potential difference between
the voltage at the first terminal and the voltage at the third
terminal, determined by the first resistor and the second resis-
tor of the first switching circuit.
7. The power supply control system of claim 1, wherein the
first switching section comprises a first voltage comparator



US 9,246,331 B2
13

section configured to compare the first voltage and the second
voltage, and that is driven by power supplied from the battery;
and

wherein the second switching section comprises a second

voltage comparator section configured to compare the 5
third voltage and the second voltage, and that is driven
by power supplied from the solar battery.

8. The semiconductor integrated circuit of claim 4, wherein
the first switching circuit comprises a first voltage comparator
section configured to compare the first voltage and the second 10
voltage, and that is driven by power supplied from the battery;
and

wherein the second switching circuit comprises a second

voltage comparator section configured to compare the
third voltage and the second voltage, and that is driven 15
by power supplied from the solar battery.
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